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THE MECHANISM OF PAIN PRODUCTION IN ANGI NA PECTORIS
Introduction
Pain in the chest is a common complaint.

Its signifioanoe

for the patient may be trivial or grave; but since July 21, 1768 1
when William Heberden read before the Royal College of Physicians a
paper entitled �Account

2.!..!: Disorder

�f the Breast, the

occurrence of suoh pain has come to carry with it, in the minds
of l�ity as well as in the judgment of many physicians, the sinister
suggestion of sudden death.
Because our knowledge of angina peotoris was initiated by
Heberden's description, it seems desirable to give quotations from
the original text.
"There is a disorder of the breast ., marked with strong and
peculiar symptoms, considerable for the kind of danger belonging to
it, and not extremely rare ., of which I do not recollect any mention
among medical authors.

The seat of it, and sense of strangling and

anxiety with which it is attended# may make it not improperly be
called Angina Pectoris.
Those who are afflicted with it are seized, while they are
walking, and more particularly when they walk soon after eating1
with a painful and most disagreeable sensation in the breast, which
seems as if it would take their life away, if it were to increase or
to continue: the moment they stand still all this uneasiness
vanishes.

In all other respects, the patients are, at the be

-gim1ing of this disorder, perfectly well, and in particular have
(1)

no.shortness of breath, from whioh it is totally different.- --"Wb.en I first took notice of this distemper, and could find
no satisfaction from books, I consulted an able physician of long
experience, who told me that he had known several ill of it, and "
that all of them had died suddenly.

This observation I have reason

to think is generally true of such patients, having known six of
those, for whom I had been consulted, die in this ma nner --But
though the. natu�el tendency of this illness be to kill sudden
ly---- it will easily be believed, that some of those who are
afflicted with it may die in a different manner, since this dis
order will last, as I have known it more then once, near twenty
years, and most usually attacks ooour only in those who ere above
fifty years of age.---"The os sterni is usually poin:ted to as the seat of this
malady, but it seems sometimes as it it was under the lower.part of
it, and at other times under the middle or upper part, but always
inclining more to the left side, and sometimes there is joined with
it a pain a bout the middle of the left arm.

Whet the particular

mischief is, which is referred to these different parts of the
sternum, it is not easy to guess, a nd I have had no opportunity of
knowing with certainty. 11
From the foregoing quotation it can be seen that angina
pectoris is peculiarly a disease of symptoms rather than signs.
Perhaps this has been the reason for the confusion in the minds of
clinical men in the recognition of angina peotoris as an entity.
(2)

A n attempt shall b e made in this paper to establish
certain diagnostic criteria -for the recognition o:f angina peotoris
as well as to review the latest literature ooncerning the etiology
or mechanism of pain production in angina �eitures and if possible
to determine whether or not angina peotoris is deserving of a place
in clinical medicine as a distinct entity.
How the clinical concept that Heb erden portrayed was viewed
b y those who :followed, and in what manner controversial discussion
arose, is directly related to the development or present day
thought.

Only a few steps in the development of this controversy

will b e touched upon in this paper.
Parry 1799 was among the first to realize the difficulty
of adhering closely to the criteria laid down by Heb erden and to
point out that cases describ ed b y other ob servers as angina pector
is did not conform to one pattern.

He proceeded to add to the

confusion b y concluding that 11angina pectoris is in reality a :oase
of fainting---- All the circumstances in angina pectoris preced
the actual syncope are approached towards it; and in every un
combined and recent case the patient prob ably dies with no other
symptoms than those which show an irrecoverab le diminution of the
motion of the heart. 11

Parry's monograph which was entitled An

Inquiry into the Symptoms and Causes of Syncope Anginosa ., connnonlz
called Angina Pectoris is the first sign of dissension from
Heb erden's Terminology.
Osler 1910 would not accept angina pectoris as a disease but
(3)

rather pointed out th at it was a syndrome or symptom complex without
etiological or anatomical foundation associated with complex
conditions, either organic or functional, of the heart and aorta.
Allbutt 1918 was among the few who championed the cause of
angina peotoris as a di�ease entity and not merely a symptom complex.
H e defined angina_pectoris as a pain� sometimes slight, sometimes
agonizing, arising usually under the sternum and referred in certain
definite directions, due to the stretching of the outer coat of a
mobid aorta, or in a few cases·or that of the heart itself.
James Herrick 1931 was of the opinion that angina pectoris
could not be adequately discussed because it is based on "an anatomy
that is not precise, and a physiology that is poorly understood."
Much of ths confusion concerning the nature of angina pectoris
has been due to the absence of a well- recognized and uniform
pathologic basis for the condition.
Many persons have attempted to define angina pectoris
satisfactorily but as Oille 1937 points out the term angina peotoris
has several implications depending upon the education of the in
dividual using the term.

Loosely angina peotoris is applied to any

type of cardiac pain; in England, there is a distinction made between
angina of effort and the angina of occlusion; in America, the term
angina pectoris or angina of effort are used interchangeably to
describe oardiao pain in which there is an underlying patho logy of
the coronary vessels.
(4)

Expressions like pseudo-angina, reflex angina, vasomotor angina
and seoondary angina have been coined to cover the various types of
radiating thoracic pain which bear more or less resemblance to
angina pectoris.
Osler 1910 defined angina pectoris as a disease characterized
by paroxysmal attacks of pain, pectoral or extrapeotoral, associated
with changes in the arterial walls, either organic or functional.
Kiefer and Resnik 1928 elaborated on this definition by stipulating
that a) the pain s hould be pectoral, provoked by an increase of the
demands of the heart, and relieved by diminishing the work of the
heart and b) the likelihood of termination by sudden death.
The pain is often accompanied by a sense of impending dissolu
tion, the �angor animi" which is described byAllbutt as being
"even in slight or incipient oases an organie dread or sense of ill
omen as contrasted with rational apprehension."
R akov 1940 reduo.e s the definition of angina peo·toris ad
absurdum by stating that it is characterized by "paroxysmal cardiac
pain".

Between the extremes of limitation and lack of limitation
there probably lies an adequate definition of angina peotoris.
The "likelihood of termination by sudden death" would exclude all
functional oases of anginal pain. The determination of the likeli
hood of such a termination could be one only of conjecture and would
make "angina peotoris" a pathologic and post mortem diagnosis of a
condition which may have existed �or many years of life.
(5)

As such it would provide little comfort to the patient who desired
a descriptive name for his long recurring and distress
ing pain.
Paroxysmal cardiac pain is much too loose a definition be
cause of the vagueness and possibly even non-existence of cardiac
pain per ·se. As was pointed out by Oille who examined a group of
seven hundred· patients who considered themselves to have "heart
pain" only 225 o:f these were found to have pain that could be con
sidered cardiac in origin.

From this it may be concluded that in

the average patient who thinks he has cardiac pain, the chances are
two to one that he does not.
In this paper angina peotoris will be defined as a pain of
varying intensity, persistent in nature, arising under the sternum
with radiation to the anterior chest and upper extremity; preci
pitated by effort and relieved by rest; the basis o:f the pain may
be organic or functional.

(6)

CAUSE OF PAIN
Ever since H eberden's first description of angina
pectoris there has been much conjecture as to the cause of
pain.

Jenner was among the first to correlate coronary

sclerosis with anginal pain.
There was little attempt to determine by experimental
methods the cause of anginal pain before 1927.

Until that

time each author philosophized on the condition and made
pedantic conclusions that lacked substantiation.
Herrick 1931 stated that his own notions about angina
peotoris were very nebulous.

Although he had read maey

articles on the subject his. only c onclusion was "that many
ere but specious pleadings for the writer's p�t theories,

exercises in dialectic with little or no scientific proof."
Some sixty-three hypotheses concerning the cause of the
symptoms of angina pectoris were collected and tabulated by
Herohard. Only a few of these theories are worthy of
consideration here.
The writers of the first part of the twentieth century,
Allbutt, Wenckebaoh, Rudolf Schmidt, and Vaquez, might be
called the Aortic School.

They considered angina pectoris as

due to stretching of the aortic wall and its surrounding
plexus of nerves.

However Osler and Keefer and Resnik 1928

discount aortitis per se as the cause of pain and state that
(7)

here the presence of anginal attacks depends upon the
encroachment of the pathologic process on the coronary ostia.
Resnick reports twenty-six cases of uncomplicated syphilitic
aortitis, proved at autopsy, in not one of which h ad there
been e history of angina pectoris.
Allbutt regarded pain in the region of the heart as
due to a lesion in the - supraca rdiac aorta,w hich he termed the
11anginiferous

area."

The lesion, in his opinion, caused

anginawhen it penetrated to the outer fibrous investment of
the vessel, tension being the factor causing irritation of the
nerve terminals.
To disprove that the aorta had any role in the produc
tion of pain, Sutton and Lueth 1930 performed experiments on
dogs in which the aorta aswell as the aortic ringwere
stretched.

They found that the only physiological manifesta

tion of this stretching was dyspnea.
In a review of cases of t he anginal syndrome occurring
in young people, white and Mudd 1927 were impressed with the
one uniform finding, na mely that in each case there was an
aortic insufficiency of rheuma tic fever origin.

In these

cases exertion was found to be of less significance in bring
ing on an attach of pain than in the older age group of angina
pectoris patients.

They were undecided about the relationship

between the angina peotor.is and the rheumatic aortic insuff
iciency: whether the painwas due to the decreased diastolic

(8)

pressure or whether rheu��tie involvement of the coronary
arteries was associated with the contiguous aortic valvular
disease.
The manner by which a painful sensation is produced
in the heart is not clear.

The myocardium appears insensitive

to stimuli that an ordinarily productive of discomfort
in the periphery of the body.
That ischemia of the myocard;i u.m is the cause of angina
peotoris has been the hypothesis of many authors and has been
borne out by numerous experiments.
It was Allen Burns over a century ago who first ascribed
the symptoms of angina peotoris to an anemia of the heart
muscle.

In referring to atheroma of the coronary arteries he

said "such a state of the arteries of the heart must impair
the function of that organ."
Sutton and King 1928 were among the first to record the
physiological effects of temporary occlusion of t he coronary
vessels.

These experiments were performed on dogs and re

actions of increased salivation, vomiting, and increased
respiratory rate were used as e$1ivalents for the anginal pain
og human patients.

These experimenters found that b y

compression of the coronary arteries and adjacent tissue these
pain equivalents could be produced. Occasionally acute
compression was accompanied by dilatation of the heart and by
electrocardiographio changes.
nervous pathways

In an attempt to trace the

(9)

transmitting the pain stimuli, they found that severance of
both vagi interfered with the transmission in only a few in
stances; removaI of t he stellate ganglion was always followed by
prompt cessation of pain.
In animals that were·moderately anoxie from unaccustom
ed exercise, the fall in blood pressure, cardiac dilatation
and cardiac irritability occurred more promptly after com
pression of the coronaries.
Pearcy, Priest, and Van Allen 1929 and Shambaugh 1934
substantiated those findings in experiments they performed later.
Pursuing this form of investigation, Sutton and Lueth
1930 showed that the pain produced on t81llporary occlusion of
the lumen of the coronary arteries was direotly proportional
to the size of the vessel and to the adequanoy of collateral
circulation about the site of occlusion.

T he variation of the

intensity of the pain was considered dependent upon the indi
vidual sensitivity to pain.

No pain equivalents could be

evoked by traction upon isolated bits of myocardium or of vis
ceral pericardium.
It was found that with increased pain in temporary
ocoulsion, there was an inorease in the respiratory rate as well
as the respiratory excursions.
It was again �hown that sectioning of the �agi or their
paralysis with atropine did not interfere with the pain of cor
onary occlusion.

From this finding, they concluded that the
(10)

pain pathway to the brain was by way of the sympathetics.
If the c oronary vessels were c arefully stripped of their
adventitia, there was no pain present upon oc c lusion; if the
adventitia was inc luded in the ligature pain resulted.
Tears of the c oronary vessels were acc ompained by prompt
disappearanc e of pain.
In similar experiments performed by Katz, Mayne, and
Weinstein 1935, it was found that the absence of a positive
affec tive response was not due to interruption of the afferent
pathways but that a positive response was due to compression
of the afferent fibers enc losed in the adventitia of the
c oronaries.

Oc c lusion of the c oronary vessels alone by

ligature and a c onsequent change in the flow of blood did
not produce any affec tive response in the experimental animals
as was shown by c ompression of the vessels after destruction of
the nerve sheath by phenol and alcohol.
In evaluating the results of these experiments of
temporary oc c lusion one finds that a) the myocardium and
visceral peric ardium are insensitive, b) oc c lusion of the
coronary vessels alone does not c ause pain, c ) that pain does
result if the adventitia is inc luded in the ligature, d) that
the pain c an be stopped by removal of the stellate ganglia and
by interruption of the sympathetic s but not by sec tion or
paralysis of the vagi,

Therefore the pain of angina peetoris

is not due to isc hemia alone of there would have been pain
produced

(11)

by simple occlusion of the corona ry lumen; likewise it has been
shown that the �eceptors of pa in a re conta ined within the
a dventitia of the vessels a nd the impulses a re transmitted
principally by we.y of the.sympathetics.
In the investigati ve sea rch for a n expla na tion to the
etiology of anginal pain. it occurred to ma ny tha t there
wa s a marked simila rity between the pa in of intermittent
claudioation a nd of a ngina pectoris.

This brought forth a new

type of investiga tion w ith the postula tion of a metabolic
fa tigue product a s the ca use of pain in a ll contracting
muscle.
Lewis 1932 wa s the first to point out tha t in con
tra cting muscle on a cid meta bolite. which he designa ted as
pctor P, wa s produced a nd wa s capable or ca using pa in.

In his

experiments on human subjects a blood pressure cuff was a pplied
to the forea rm, sufficient pressure wa s a pplied to obstruct
the circula tion, then the ha nd wa s exercised until pa in
occurred.

The pa in experienced wa s of a smooth, steady type

a nd wa s followed by soreness of the muscle.
The time required for pa in to oocurr wa s ca refully re
corded upon repea ted tests.

La ter the ha nd wa s excercised

a lmost to the point of pain, then exercise wa s stopped ?ut the
circula tion still occluded for a period of a nother five
minutes.

In no oa se did pa in occur.

From these findings it

might be concluded tha t this meta bolic. Fa ctor P a nd not anoxia
(12)

was the cause o f pain.

By analogy Lewis theorized that not

tension but chemical or physiooohemical stimulation of the
afferent nerves of the heart were the cause of pain in angina
pectoris.
Katz, Linder, and Landt 1934 conducted similar
experiments.

In addition to Lewis original conolusions, these

in vestigators found that circulatory slowing caused a decrease
in the amount of exercise required to produce pain; the effect
being disproportionately higher with greater degrees of
circulatory slowing ; that increasing the rat_e of exercise led
to a decrease in the total amount of exercise needed to produce
pain when circulation to the limb was unobstructed.
In an attempt to prove the exact nature of the Factor P of
Lewis, they found that by increasing the carbon dioxide con
tent of the blood in the arm, a decreased amount of exercise was
required to cause pain.

Oral ingestion of sodium bicarbonate

in large amounts tended to alleviate the pain in patients with
intermittent claudioation and angina pectoris.
It was found that the substance diffuses in and out of the blood
stream; that it passes throught the pulmonary circulation
hence is non-volatile; that the appearance of pain is dependent
upon a n accumulation of this substance inihe contracting muscle
as well as the transportation of t h e substance by the blood
stream from other parts of the body.
Results of experiments performed by Lewis, Pichering,
(13)

and Rothschild 1931 (a & b), Kissin 1934, Katz 1935, and
Katz, Hamburger, and Skhitz 1934 further substantiate this
theory.
Although a fatigue product may accumulate in the heart
muscle as a result of increased work and a diminished blood
•supply, there is still no adequate explanation how the fatigue
product can cause pain.

The Il\YOcardium has been shown to be

insensitive to stimuli which are capable of producing pain
elsewhere in the body so until special end-organs capable of
causing afferent pain impulses can be shown to exist in the
heart l!D.lscle, the theory of a fatigue product alone as the
cause of anginal pain is untenable.
Darwin first suggested that cardiac or anginal pain
might be a manifestation of pathology of the diaphragm or
of the abdominal viscera.

S ince his time much has been learn

ed of reflex pain and many competent observers have concluded
that angina pectoris is not a gyndrome based on circulatory or
cardiac pathology but is a reflex pain which may be caused by
stimuli arising elsewhere in the body.
Scott and Ivy 1932 in experiments on frogs obtained re
sults to show that chemical and mechanical stimulation of most
abdominal viscera may reflexly excite the cardioinhibitory
mechanism.

Meohaniee.l stimulation or even distention of ·the

gall bladder and biliary passages had nc. effect on the cardiac
rhythm anlagous to that sometimes observed
(14)

following similar stimulation of the stomaoh and intestine.
Traction of the liver or portal system sometimes produced
an inhibitory effeot on the cardiac action.

Inhibition

following incision of portions of the biliary system was
thought to be a result of chemical irritation of nerve
endings in the surrounding pe�itoneum. by tissue juices
liberated from the injured area.
These writers (S cott and Ivy) concluded that cardiac
disturbances in general may not be due primarily or directly
to a viscero cardiac mechanism but may follow secondarily
to the ce.rdio circulatory changes known to be caused by
nausea. vomiting, and abdominal pain.
That gall bladder disease might cause angina peotoris
was shown by Fitz...Hugh and Woli'erth, who reported a series of
fifty-two oases in which there were attacks of typical
angina, fourteen oases of these showing invertion of.the T.
wave of the eleotrogram,·all oases of which were relieved of
the subjective symptoms as well as the eleotroeardiographic
ohanges following adequate biliary surgery.
Verdon 1920 originally postulated that angina peotoris
was caused by spasm of the esophagus.

This theory was

reiterated by the Jacksons 1937 who very positively stated
that angina peetoris is due to acute, spasmodic uncoordinated
contractions of the esophagus and stomach.

By means of the

inooordination air is trapped in the esophagus and stomach,
(15)

the resulting distention causing stimulation of t he
afferent nerves.

In support of this theory, the Jacksons

conducted experiments in which various levels of the
esopha.gus nnd cardiac end of the stomach we�e stimulated by
electrodes. It was found that the pain equivalents evoked in
dogs were analagous to the pain of angina pectoris seen in
human subjects.

The points of radiation of the pain

depended upon the levels of the esophagus stimulated.
They believe that when pain radiates down one or both
arms that it originates if that portion of the esophagus and
adjac ent mediastinumwhich lies between the horizontal
midline of the heart and the upper limits of the thorax.
If the pain remains if the neighborhood of the ensiform
cartilage or a little above and does not radiate laterally
but radiates into parts or the face and neck innervated by
the tenth and fifth nerves, the origin of the pain if in
the stomach or the stomach and lower esophagus.
Innervation was found to be unilateral with stimula
tion of the l�.f:t side of' the esophagus causing radiation to
the left upper extremity, stimula tion oif.' the right side to
the right �p:{>er extremity.
In support of the theories, and their application to
the human subject as well as to dogs, the Jaoksons cited
forty autopsies in which complete rupture of the esophagus
was found.

In each case the symptoms had closely resembled
(16)

coronary thrombosis.

Although compl ete rupture may occur,

they believe partial rupture or temporary .strain represents

what is clinically known as angina pectoris.
It was well known to Heberden that angina pectoris
patients occasionally vomit and that the vomitus contains blood.
The presence of ulcers or other lesions in the esophagus, gall
bladder, or stom.ach does not, according to the Jacksons, change
the viewpoint but only makes more probable the occurrence of
inooordination and spasticity the local nervous mechanism giving
rise to pain.
Relief of pain by eructation of large volumes of gas has
frequently been commented on as a eymptom of anina: in fact, Van
Bergman termed it the "eepiphrenic syndrom".

This feature of

the condition is interpreted by Morrison and Swe.lm 1940_. the
Jacksons, and Weiss and F erris 1937 as an expression of the
relaxation of the longitudinal muscles of the esophagus and
stomach wall and of the cardia.

The relief of anginal pain by

nitroglycerine is thought to be on the basis of its relaxation
of these smooth muscles.
Morrison and Swlm 1940 turther attempted to show th�t the
esophagus was the seat of angina pectoris by experiments in
which they distended the esophagus and stomach of human subjects
at various levels.

Eleotrocardiographio tracings were taken

simultaneously with t he distention.

In two Qf

the seven oases, typical anginal seizures ooourred at pressures
(17)

40 to 60 mm. of mercury at e.11 levels of t he esophagus with
inversion of the T wave in lead II.
In another series of nine cases of angina without effort,
Morrison and Swalm made f'lourosoopio examinations during an
attack of pain and in seven instances noted rrapping of the
barium in esophagus which was interpreted as indicative of
uncoordinated spasm of the esophageal muscles.
They concluded that there exists a reflex arc between the
upper portion of the digestive tract e.nd �he .heart; that elotro
ce.rdiographic changes may occur upon distention of the stomach;
and the nervous control is principally vagal although some
sympathetic nerve fibers are involved.
Among the most propunded and most plausible theories of
the cause of anginal pain is that of ischemia of the
myocardium.

If one would consider isohemia with an

accumulation of Factor P, Lewis' fatigue product, in the heaet
as the cause
of pain it would make much simpler the explanation of func
tional angina pectoris.
Ischemia can result not only from increased demands of
a heart whioh is supplied by the "stone-like• coronaries first
described by Jenner, but by any factor causing decreased blood
supply to the heart muscle or the inability of'-t he heart·to
utilize· an otherwise adequate blood supply.
Smith, Miller, and Gr aber 1926 point out that the rate
of blood flmv through the coronary
vessels is decreased twenty
(18)

per oent for every 5mm. Hg. drop diastolio in blood pressure.
In the report of.' White and Mudd, previously cited, it we.s
found that the only constant finding in angina pectoris in
young people was a rheumatic aortic insuffiency in which there
was a decreased diastolic pressure.
Beaumont and Robertson 193g report on WIO types of angina
pector1s which may ooour with hypothyroidism; t he angi:na which
occurs with t he administration of thyroid extract probably
due to a too rapid rise in the metabolic rate and blood flow; and
secon dly angina which is present before the giving of thyroid and
is �elieved by the administration of adequate doses of.' thyroid.
The latter me.y be due to the myxedematous in:f'iltre.. tion of the
nerve cells of the connective tissue, to anemia,
or to a hypotonioity of the myocardium.
Angina Peotoris as an expression of vascular reflex
inadequaoy seems evident upon consideration of the precipitation
of attacks by cold and their relief by vasodilators drugs.
That attacks may be caused reflexly by the prolonged and ex
cessive use o f tobaooo has been s hown by White and Sharber
1934; or by the injudi�ious use of vasooonstrietor drugs as drugs
as pointed out by Jones and Ch apman 1942. Willius 1938 thinks
seizures of angina pectoris are aggravated by cold because
coronary sclerosis of a. significant degree gradually

•

but progressively decreases the ability of the heart to respond
promptly to any and all demonds for work placed upon it.
(19)

The increased demands on the heart caused by cold ere tvrofold
i.e., there is an increased peripheral resistance due
to the contraction of t he arterioles and capillaries of the
surface of the body and there is an inoreased demand on the
pulmonary circulation to warm the cold inspired air.
In observations of controlled experiments using angina
peotoris patients, Freedberg, Spiegel, a nd Riseman 1944 found
that 55% of the patients could do more work without pain in
a temperature of 72 to 7 5 degrees Fahrenheit than et any other
temperature.

Local applioation of heat to the arms and wrists

of patients in oold room increased the exoeroise tolerance
in 58%.

In all ce.ses the effect on t he e xercise tolerance was

the same with heat or with sublingual administration of one/
two hundredth grain of nitroglycerine three minutes before the
test.

Excercise at various temperatures had no significant

effect on the blood pressure.

Electrocardiographic studies

showed an increased depression of l_.2 tol.7rom in
the S-T segment of lead IV upon exercise at cold tempera'tui,es.
The conclusion was that the factor responsible for the ex
acerbation of angina by cold is reflex in origin and may in
volve constriction of the coronary arteries or the failure of
their vasodilatation.
This view supports the concept that coronary arter
vasomotor changes, probably reflex in origin, exert a
contributory influence if the precipitation of a ttaoks of
pain.

Spasm

(20)

of the coronary arteries could explain the.precipitation of
attaoks by emotion, aftermeals, in cases of cholecystitis,
and the increased frequently of attacks d1iring the winter
months.
Herriek,1931 is another who thinks the paroxysm of
angina of effort has its origin in the perversion of function
of the coronary artery or the heart muscle supplied by that
vessel, or both.
statement.

Keefer and R esnikare more in their

They consider the thenries which attribute

angina pectoris to coronary spasm, to disease of the aorta,
or to ieyooardial exhaustion so open to serious criticism that
they are totally unacceptable.

On the other l;and, they

consider the percentage of instances in conditions capable of
producing anoxemia of the myocardium have been found in
cases of undoubted angina so high that the accuracy of
diagnosis in the few remaining instances open to question.
Finally they state "the angina peotoris of Heberden has but
one cause, anoxemia of the myocardium."
So it can be noted that there is certainly no un
animity of opinion as to the etiology of angina pectoris.
It 1s probable that when a more definite kp.o wledge of the
pcysiological basis of the action of the cariovascular system
is found the explanation of angina pectoris will b e a simple
one.

Until that time, however II any theory or combination of

theories will be firmly head by writers on the subject.
(21)

Nervous Pathways 1IIVolved in Angina Peotoris
It has been fairly conclusively shown ay such investi
gators as Boas and Le-vy 1957 and Digilio 1939 that the nervous
impulses arise in -the sensory afferents whioh are scattered
throughout the walls of the coronaries and• possibly, the
aorta. Although some unconscious stimuli are conveyed to the
medulla through-the vagi, for the most part painful stimuli are
conducted along the sympathetic efferents including the
superior, middle, and inferior cardiac sympathetic nerves and
the more recently discovered thor- acic oardiao nerves, ending
in corresponding cervical ganglia and upper thoracic ganglia,
respectively.

The sympathetic cervical ganglia have few direct

connections with the spinal cord so that impulses must be
relayed over connections between these and the upper five
thoracic sympathetio ganglia from white ramirunning to
the.cord.

These impulses are relayed. directly_ or

indirectly, up the cord to the thalamus. Up to the present
time, there is no evidence of registration or impulses above
the thalamus.
i';i th the periodic discharges 01' im.pulses along the
sympathetic nerves, there may be a summation

of their effects

in the cord giving rise to continuous pain in the brachial
dis..t ribution. Angina typically radiates along the eighth
cervical and the first and second thoracic nerves.
(22)

It has been pointed out that if senrory s timuli from
the heart make irritable spinal segments other than those at
their level of entry into the spinal oord, corresponding
der:matomes are affected. As an example of this. an ab
sc essed tooth may senistize a spinal segment at a level
distant from the one c orresponding to the heart; upon
transmission of pain impulses from the heart there is
summation at this point in the c ord so that this distant
area may be radiation of pain to distant areas with
intervening silent areas.

(Spellane and White 1940, Boas

and Levy 1937.)

(23)

Pathology of Angina Pectoris
The pathology of anina pectoris is necessarily ob
scure because of the lack of conclusive evidence of the
etiology of the condition.
It is probable that the presence or absence of the
anginal syndrome is to a considerable extent dependent upon
the degree to which the nervous system of t he individualis
sensitive to various influences, physical and psychic, for
it has been amply proved that extensive limitation of the
coronary circulation may ex�st without pain· or any other
evidence of the anginal S'flldrom.e.

It may be assumed that

such individuals have a high threshold of sensitivity to
thse influences which act as a "trigger mechanism" and set
off the attack in susceptible individuals.
(Burnett 1937; Blackburn 1934, Ravdin, Aoyster, and Sanders
Gregg 1938, Riseme.n and Brown 1937 • Gibbes 1936.)
Coronary solerosis which is most frequently consider
ed the 'pathologic basis of angina peotoris, is not constant
ly a feature of the disease, that angina peotoris may occur,
but not constantly, with coronary sclerosis and myocardial
fibrosis has been reported by Lecount 1918* Osler believed
that angina pectori.s may occur without arty cardiovascular
pathology a t all; he was of the opinion that arterial spasm
alone was the underlying cause in the production of pain.
(24)

As has been mentioned before, rheUI11�tio aortic in
sufficiency may be the underlying pe:tho1ogy in cases of
angina in young people.

Salcedo-Salzar and ,ihite 1935

attempted to correlate heart with angina pectoris. They
found that only 8.8% of·700 patients with angina pectoris
uncomplicated by clinical coronary thrombosis showed
heart block.

Conversely, of 117 patients with auriculo

ventricular block, only 9.4% had angina peotoris without
manifestations of clinical coronary thrombosis.
The cause of the sudden death wich is so often
considered a necessary feature of any true angina is a result
of excessive vs.g al stimulation.

Osler pointed out that the

heart may continue beating for a considerable period of time
after breathing has stopped, inferring that there is a sudden
inhibition of the inspiratory center.

In view of the lack of

aey pathological findings in the cardio vascular system,
this explanation seems tenable.

(25)

Diagnostic Criteria
In order to be a ble to differentiate angina
Pectoris from other types of thoracic pain, there
m.u_s t first be certain of the detection of true angina
peotoris.
Age is not a factor a lthough angina

Incidence:

pectoris usually has its onset in individuals fifty
years of age or older.

The incidence of angina

peotoris in male a nd fema le is about one and onehalf
to one.

The subject is frequently of a short stocky

build, a nd a person who �s subjected to more than
ordinary nervous strain in his daily life.
l½.story:

The patient's history is of paramount

importance in making a dia gnosis ofmgina pectoris
'because it is peculia rly a clinical entity of sub
jective symptoms.

The pain is paroxysma l, intense, and

of a squee�ing or crushing na ture.

The onset is always

sudden, requiring only a few seconds to reach its
maximum intensity, precipitated by exercise and more
ea sily by exercise followin.g a hea,ry meal.

The

dura tion of the pain is usually not more than three
minutes in oa ses of uncomplica ted angina pectoris,
a lthough it is described by the patient a s :rm.ich longer.

The pa in is al\'/'ays related to the sternum from the
oostal margin to the sterna l notch 'With reference
pa rticula rly to the left chest.

The radiation of the

discomfort shows ma rked predilection to the .left
arm, more frequently the inner a spect of the arm
involving the biceps, a nteeubita l fossa , and the ·ulnar
surfa ce of the forearm.

Osler recognized certain

extra pectoral foJUns of angina peotoris with the only
manifestation of pain a t points dista nt from the chest,
such a s the a bdomen, wrists, legs, the face
in the form of a tic doloreaux, or severe headache.
Additiona l symptoms which a re not constantl;r
present are difficulty in getting the brea th during an
atta ck seen in about six percent, pa lpitation which is
noted upon subsidence of the pa in in five percent,
belching or the a wa reness of a lump under the sternum
in five percent, fear of impending dea th in about
eighteen percent, usua lly in the more hyper sensitive
pa tients; precipitation of the attacks by cold in fifty
percent.

(Riseman a nd Brown 1937).

The frequency of atta cks va ries a lthough a
majority of patients have one atta ck a day or less;
a pproximately ten percent ha ve one a tta ck or less a
week.
(2'T)

Physical e xamination is of little value in making
a diagnosis of angina pectori s but is important
in e xcluding othe r conditions which may simulate it.
The he art size is usually within norme.llimits; there
is a slight rise in blood pre ssure in about fifty pe rce nt
of patients.
Altschule ·1944 studie d the cardiovascular·
dynamics of patie nts with angina pe ctoris.

He found

the cardiac index within the norm.al range of 2.2
o.3 lite rs pe r minute pe r square mete r of
in e ight pe rce nt of the case s.

body

surface

The aurioular

ve ntrioular oxyge n diffe re nce was within nor�al limits in
e ve ry case .

Circulation time s we re within the

normal limits of twe lve to nine tee n se conds in all cases.
The re fore in angina pe ctoris, the cardiac output is
normal the volume and ve locity of the circulation
is normal; the low vital capacity fre quently encounter
e d oan be ascribe d to age , obe sity or to a short stocky
build.

(at)

Differential Diagnosis of Angina Peotoris
Angina peotoris must be differentiated from
numerous organio and functional conditions whioh may
give rise to a similar type of pain� Am ong these
probably the most difficult are anxiety and exhaustion
states; spondylites, osteo ar,tbriti, and gastro
intestinal abnormalities and pathology, including
diaphragmatic hernia; esophageal s pasm, duodenal ulcer,
oholecystitis and cholelithiasis.
Esaphageal spasm presents en urgent and difficult
problem in the dif�eren�ial diagnosis of angina pectoris
more often than acy other condition.

The pain of

esophageal spasm may be indistinguishable from that of
angina pectoris or even of coronary thrombosis if the
spasm is prolonged.

The_oonditions may be

differentiated by a story of difficulty in swallowing
during an attack of pain; the pain is not provoked by
exertion; it is not relieved as well by metrogly-cerine,
as a
rule II a·s by antispasmodics and sedation.

(l'falferth

and Edeiken 1942, Ravdin, Royster, and Sanders 11 1942).
Pain simulating angina peotoris may be divided
I. Paroyxsmal
into three
classes: pseudocardiao pain in which the
pain is in the region of the precardium but
(29)

without any actual coronary artery disease.
l.

The principle causes are anemia, perni
cious anemia, or a low ?load sugar
resulting in poor nutrition and
oxgenation ot the myocardium or a
hypotension.

2.

J. �judicious use of diita'is to persons
with a normal cardiac rhythm.

3.

Toxic thyroid which causes an increase
in the demands of the heart associated
with a fast heart rate and a decreased
systolic pressure.

III.

Paroxys�l malignant cardiac pain for which there
is an underlying pathologic basis of the pain.
Among the causes are:
l.

Rheumatic fever with endarteritis
and the formation of Aschoff bodies about
the coronary vessels.

2.

Syphilitic aortitis if there is an
a·s sociated extension to the coronary
ostia.

3.

Polyoytemia vera which favors coronary
sclerosis.

4.

Perioarteri tis nodosum and thro:mbo
angiites obl;tte11ans which rarely affect
"the cor�ry vessels and are always

accompanied by signs of peripheral
vascular involy.ement.
5.

Embolic phenomena. are raely e. cause
o f paroxysmal pain although a single
ernbolic attack of pain may be
difficult to distinguish from
angina pectoris.

If one bears in maind, however, the diagnostic
criteria of angina pectoris and car�f'ully evaluates
the charac ter of the pain, its location, its duration,
and the factors which ag!!l"avate or relieve it, there
should be but little difficulty in differentiation
of thoracic pain from any of
pectoris.

these causes from angina

Summary
There has been reviewed briefly the history
of angina pec toris sinoe its original description
by Heberden in 1768 up to the present with emphasis
on the various opinions as to whether angina peotoris
should be c onsidered a c linic al entity and a disease
or merely a symptom complex.
The various theories of the etiology of angina
peotoris have been presented.

In c onsideration of

the experimental work that has been done we have
c onc luded that:
1.

Disease of the aorta is not the c ause of
angina pectoris.

2.

Oc c lusion of the c oronary arteries alone
does not produc e pain but te'nsion of the
nerve plexus in the adventitia of the
arteries c an c ause pain typical of angina.

3.

The myoc ardium itself is insinsitive to
stimuli.

4.

Ischemia of ihe myoc ardium per se is not
c apable of c ausing pain but the accumula
tion of an ac id metabolic waste product
with isohemia may c ause pain.

5.

Angina pectoris may result from spasm of
the coronary arteries stimulated reflexly
by i�pulses arising in a diseased gastro
intestinal tract.

The nervous pathways involved are principally
by way of the sympathetics from the heart.

Radia

tion of anginal pain is caused by summation of im
pulses in the spinal cord with reference to the specific
dermatomes of that area.
There is no constant pathology of angina pectoris;
the condition may occur in patients with a normal
cardiovascular system.
Angina pectori s whould be considered a cl.ini-cal
entity and not merely e symptom complex.

There have

been e ertain diagnostic criteria set forth by means
of which angina peetoris may be differentiated from
conditions simulating it.

Conclusions
Angina peetoris-is a pain which occurs in
paroxysms, is provoked by exercise, is relieved
by rest and vaso dilator drugs.

It i s always related

to the sternum with radiation particularly to the
.upper extremities.
The etiology is probably one of ischemia of
the myocardium with an accumulation of an acid
metabolic product causing stimulation of, as yet,
hypothetical end-organs in the enterstitial spaces.
Angina pectoris is a disease peculiarly of
symptoms rather than signs.

This fact, however,

should not obscure the fact that it is a clinical
entity which can be adequately differentiated from
other conditions giving use to thoracic pain.
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